The purpose of this study was to investigate the relationship between serum tumor markers and dietary intakes in healthy adults to address a nutrition guide for cancer prevention. We analyzed tumor-related markers, carcinoembryonic antigen (CEA), alpha-fetoprotein (AFP), prostate-specific antigen (PSA), and cancer antigen 125 (CA125) in serum and daily food and nutrient intakes using a 24-hour recall method in 23 healthy men and 32 healthy women. The average age was 50.7 years for men and 48.9 years for women. There were no significant differences in biochemical tumor markers and food intake between the men and women except energy intake. A significantly positive correlation was found between serum AFP, a biochemical marker of liver cancer, and serum glutamic oxaloacetic transaminase (GOT) and/ or glutamic pyruvate transaminase (GPT) in both men and women. CEA had a significant and negative correlation with energy intake for men and food intake in women. PSA, a biomarker of prostate cancer, was significantly and positively correlated with the intake of animal iron and cholesterol in men. CA125, a biomarker of gynecologic cancers, was significantly and positively correlated with meat intake in women. As this study revealed the significant relationship between biochemical tumor markers and dietary factors, further studies are needed to elucidate the underlying mechanism of this relationship.
INTRODUCTION
Cancer is known to be the leading cause of death as population aging continues. According to the statistics of the Korea National Statistical Office in 2015, 27.9% of the deaths were due to cancer, which is the most common cause of death in Korea [1] . Gastric cancer, liver cancer, and uterine cancer, which are known to be common in Korea, have been decreasing, while lung cancer and so-called Western cancer such as colon cancer, breast cancer, and prostate cancer are rapidly increasing [2] . These changes in cancer incidence seem to be mainly caused by the westernization of eating habits such as consuming meat and instant food.
Cancer not only has a high mortality rate, but is also susceptible to sequela and requires long-term treatment, which puts patients and their families in a mental and social conflict environment [3] . Cancer is a disease that takes decades to develop, and is mainly caused by smoking, drinking and other drug use, physical damage, inadequate eating habits, and lack of physical activity [4] . Considering that cancer is the most representative disease that threatens a healthy life, cancer prevention is very important, and strategies to prevent cancer can be found in one's personal lifestyle and environment [5] .
The National Cancer Center in Korea recommends that a cancer medical examination should be conducted periodically while following healthy life guidelines such as non-smoking, desirable eating habits, regular exercise, maintaining healthy weight, and moderate drinking for cancer prevention [6] . Cancer medical examinations vary as to target, examination cycle, and screening method according to the type of cancer. Several methods, such as ultrasound, computed tomography, and magnetic resonance imaging, are used in cancer medical examinations. But the discovery limit of tumors is from 10 to 5 mm, and if less than this, then they are very difficult to find [7] .
Tumor marker screening performed using blood is a simpler and easier way to screen and monitor cancer. Since the first discovery of alpha-fetoprotein (AFP) by Abelev in 1963, carcinoembryonic antigen (CEA), cancer antigen 19-9 (CA19-9), prostate-specific antigen (PSA), and cancer antigen 125 (CA125) have been found. These tumor markers are used for population screening, diagnosis, prediction of prognosis, and follow-up observation [8] . However, there are no ideal tumor markers indicating an early detection, accurate diagnosis, and prognosis. Even so, tumor markers can be used to investigate their relationship with dietary factors for cancer prevention in healthy people.
Recently, the screening of various tumor markers has been done with the generalization of health and medical screening [7] . However, studies on the relationship between these markers and the dietary factors for cancer prevention are limited. The purpose of this study was to investigate the relationship of serum tumor markers (CEA, AFP, PSA, and CA125) with dietary intake in Korean healthy adults.
MATERIALS AND METHODS

Subjects
Study subjects were recruited from Daecheon in South Korea. Among the study volunteers, those with a diagnosis of any disease, those under medication and diet control, and pregnant or lactating women were excluded. Finally, 55 subjects (23 men and 32 women between the ages of 32 and 74) participated in the current study. The study was conducted according to the guidelines of the Declaration of Helsinki and all procedures were approved by the Institutional Review Board of Sungshin Women's University (IRB-2010-018). Written informed consent was obtained from all subjects.
Blood collection and analysis
Fasting blood was collected using syringes and transferred into both complete blood count bottles (CBC bottles, Vacutainer 3 mL; BD, Franklin Lakes, NJ, USA) and vacuum blood collection tubes in the morning after the day of the dietary intake survey. Serum was separated by centrifugation at 400 × g for 15 minutes. Hemoglobin (Hb) and hematocrit (Hct) were analyzed using an autoanalyzer (ADVIA 1650; Bayer, Tokyo, Japan) within 1 hour of blood collection. Serum was stored at −70°C until the test was conducted. Serum glutamic oxaloacetic transaminase (GOT) and glutamic pyruvate transaminase (GPT) were analyzed using an autoanalyzer (ADVIA 1650; Bayer). Serum AFP (RIA; Diasorin Co., Saluggia, Italy), CEA (RIA-gnost CEA; Cisbio International Co., Paris, France), PSA (RIA-mat; Sangted Co., Bonn, Germany), and CA125 (DPC Coat-A-Count RIA; Siemens Ltd., Washington, D.C., USA) were analyzed by radioimmunoassay method.
Dietary intake survey
The dietary intake survey was conducted for one day using a 24-hour recall method through personal interviews performed by well-trained staff members. Subjects provided the types and amounts of all foods consumed for breakfast, lunch, dinner, and snacks from waking in the morning until bedtime. In order to aid recall and increase the accuracy of intake, food models and photographs were used. Daily energy and nutrient intake were analyzed using Can-Pro 4.0 (The Korean Nutrition Society, Seoul, Korea).
Statistical analysis
Data were presented as mean ± standard deviation (SD). Differences in the variables between men and women were assessed using the unpaired Student's t-test. The correlation between each variable was evaluated for its significance using Pearson's correlation test and then partial correlation was conducted after adjusting for age and BMI as potential confounding factors that have potential impacts on tumor-related biomarkers. To check normal distribution of variables, a Shapiro-Wilk test was conducted. Statistical analysis system (SAS) version 9.4 (SAS Institute, Cary, NC, USA) was used for all statistical analyses. Two-sided p values of < 0.05 were considered statistically significant.
RESULTS
General and tumor-related biomarker
General characteristics and serum tumor-related biomarkers of the subjects are shown in Table 1 . The mean age, weight, height, and BMI were 50.7 years, 70.4 kg, 168.4 cm, and 24.7 kg/m 2 for men and 49.0 years, 57.9 kg, 155.1 cm, and 24.1 kg/m 2 for women, respectively (Data not shown). Hb, Hct, GOT, and GPT of total subjects were 14.1 g/dL, 41.7%, 28.0 IU/L, and 29.7 IU/L, respectively. As serum tumor markers, AFP, CEA, and PSA for men were 4.6 ng/mL, 1.6 ng/mL, and 1.0 ng/mL, respectively, and the levels of AFP, CEA, and CA125 for women were 2.4 ng/mL, 1.5 ng/mL, and 21.5 U/mL, respectively. There were no significant differences in biochemical tumor markers between the men and women.
However, there was no significant difference in food intake between the men and women (1,326.8 g/d vs. 1,048.2 g/d).
Relationship of serum tumor marker with general biomarker
Correlation between serum tumor markers and general biomarkers of the subjects are shown in Table 4 . After adjusting for confounding factors of age and BMI, there was a significantly positive correlation between AFP, biochemical marker of liver cancer, and GOT and/or GPT in both men and women. Also, there was a significant and positive correlation between CEA and Hb and Hct in women. 
Relationship between serum tumor marker and nutrient intake
Correlation between serum tumor markers and nutrient intakes in the subjects are shown in Table 5 . After adjusting for confounding factors of age and BMI, CEA had a significantly negative correlation with energy intake for men. CEA also had a significantly negative correlation with the intake of protein, carbohydrate, zinc, vitamin B 6 , and folate in both men and women. PSA, a biomarker of prostate cancer, was significantly and positively correlated with animal iron and cholesterol intake in men.
Relationship of serum tumor marker with food intake
Correlation between serum tumor markers and food intakes in the subjects are shown in Table 6 . After adjusting for confounding factors of age and BMI, CEA had a significantly negative correlation with food intake in women. CA125, a biomarker of gynecologic cancers, was significantly and positively correlated with meat intake in women.
DISCUSSION
This study analyzed four tumor biomarkers (AFP, CEA, PSA, and CA125) and their relationship with dietary intakes in healthy adults. Serum CEA, a commonly used tumor marker in gastrointestinal cancer had a significant negative correlation with energy in men and with total food intake in women. PSA, a biomarker of prostate cancer, was positively AFP is a fetal serum protein that is produced at birth and decreases after birth, and decreases to the level observed in adults after 18 months. It may be increased in liver cancer or germ cell tumors. Therefore, it can be used for determination of cancer stage or therapeutic effect and as a screening test for hepatocellular carcinoma in oriental countries, which have a high prevalence of liver cancer [9] . Serum GOT and GPT are useful markers for diagnosis of liver disease. This study also showed that serum AFP was positively correlated with serum GOT and/or GPT in both men and women.
CEA is a glycoprotein that is the most commonly used tumor marker in gastrointestinal cancer. It was initially thought to be a specific marker for colorectal cancer, but it could also be increased in breast, lung, and liver cancer. CEA is not well used as a screening test because of its low positive predictive value, but it can be used for examining stage of cancer, prognosis, and recurrence [9] . In this study, serum CEA showed a significantly negative correlation with the intake of various nutrients such as protein, carbohydrate, zinc, vitamin B 6 , and folate in men and women. Therefore, CEA also showed a significantly negative correlation with energy intake in men and total food intake in women, which can represent various nutrient intakes.
Many studies [10] [11] [12] [13] have shown that malnutrition increases the risk of cardiovascular disease or cerebrovascular disease as well as cancer, including the American Cancer Society cohort study [14] and the Italian cohort study [15] . Kim [16] also showed a 1.65-fold risk of cancer death in the group with energy intake less than 75% of estimated energy requirement in a study with national longitudinal data. This means that the risk of cancer is significantly higher in the group with poor energy intake. This present study is a cross-sectional study and cannot be directly compared with the previous longitudinal studies. Even so, the result that CEA was significantly and negatively correlated with energy and food intake indicates the importance of adequate energy and food intake in healthy people.
PSA is a proteolytic enzyme synthesized in the epithelium of the prostate gland. It is a useful tumor marker for screening prostate cancer because it is rarely expressed in other tissues except the prostate gland. However, PSA is specific for prostate tissue but not tumor specific, and may be increased in cases of prostate hyperplasia, prostatitis, and prostate infarction. PSA can be used for post-operative recurrence as well as prostate cancer screening. [17] . CA125 is a polymeric glycoprotein that increases in gynecologic cancers such as ovarian cancer and endometrial cancer. In addition, it can be increased in pancreatic cancer, lung cancer, breast cancer, colorectal cancer, and gastrointestinal cancer. Screening tests are less valuable, but are associated with the prognosis of endometrial cancer and the size, stage, and survival rate of ovarian cancer [18] .
In this study, PSA as a biomarker of prostate cancer was significantly and positively correlated with animal iron and cholesterol intake in men. CA125, a biomarker of gynecologic cancers, was positively correlated with meat intake in women. Undesirable eating habits are an important cause of cancer development, as seen in 30% of all cancer deaths. The most common risk factors are animal saturated fats and meat, and these dietary factors are associated with the development of various types of cancer, especially colon cancer, breast cancer, and prostate cancer [19] . Meanwhile, it has been reported that iron overload may increase the risk of developing neoplasms by weakening the host defense against cancer cells [20, 21] . Excess iron accumulation in tissues may increase the risk of cancer by increasing reactive oxygen species production and causing inflammatory reaction [22] . In the current https://doi.org/10.7762/cnr.2018.7.3.161
Serum Tumor-related Markers and Dietary Intakes study, the results indicating a positive correlation of PSA with animal iron and cholesterol intake in men and CA125 with meat intake in women may be similar to the results of previous studies [19] [20] [21] [22] . However, the present study is a cross-sectional study of simple correlations, and future research is needed to explain the direct relationship between these tumor biomarkers and dietary factors.
This study has some limitations in generalizing the results. The cross-sectional nature of this study does not allow us to determine the direct relevance or causality of the factors shown in the results. In addition, since the number of subjects is small, the reliability of the results may be low. Moreover, we did not analyze lifestyle related to cancer such as drinking, smoking, and physical activity. Nevertheless, this study is especially noteworthy in that it is the first to examine the relationship between serum tumor markers and dietary factors. Therefore, the results of this study provide useful information for future studies for cancer prevention.
CONCLUSION
Regarding the relationships of the four tumor biomarkers with dietary intake, serum CEA had a significantly negative correlation with energy intake in men and total food intake in women. PSA, a biomarker of prostate cancer, showed a significantly positive correlation with animal iron and cholesterol intake in men. For women, CA125, a biomarker of gynecologic cancers, was positively correlated with meat intake. These findings may serve as a foundation for implementing nutrition guidelines for the prevention and management of cancers.
